Wedetected potent angiostatic activity in a MeOHextract from the mycelia of microbial strain S-45628 in the chick chorioallantoic membrane(CAM)assay. The producer was taxonomically characterized as Streptomyces purpurascens. Active principles designated TAN-1323 A~D were isolated and determined to be 18-membered macrolide antibiotics; components C and D are new members of this group, while components A and B are identical to concanamycins C and A, respectively. Whentested in the CAMassay, components B and D gave huge avascular zones at the extremely low doses of 10~100ng/disk, although components A and C showed far weaker activity due to their preferential tissue-damaging effect on the CAM.The discovery that these 18-memberedmacrolide antibiotics are angiostatic substances prompted us to examine other types of macrolide antibiotics, leading to the discovery that 16-membered macrolide antibiotics such as bafilomycin Cl , tylosin and leucomycin also show angiostatic activity on the CAM.Thus, angiostatic potential is widely distributed among macrolide antibiotics. The mechanism of action of these macrolide antibiotics is also discussed.
Angiogenesis, the formation of new blood vessels, is observed in various types of pathological conditions ("angiogenic deseases")1} such as rheumatoid arthritis, diabetic retinopathy, psoriasis and solid tumors. Recent extensive research has enhanced our understanding of the process of angiogenesis and has made the anti-angiogenesis concept a promising strategy in the search for new types of agents effective against solid tumors which are dependent on angiogenesis for their growth and are refractory to presently available therapies. 1 >2)
In our screening program aimed at angiogenesis inhibitors of microbial origin, a Streptomyces species, S-45628, was found to produce angiostatic substances mainly within the mycelia. Active principles designated TAN-1323 A-D were isolated and structually characterized as concanamycin-group antibiotics, 1 8-membered macrolide antibiotics. 3) Components C and D proved to be new members of this group, while components A and B are identical to concanamycin C3) and folimycin4) (concanamycin A),3) respectively (Fig. 1 ). This paper deals with the taxonomyof the producing organism, fermentation, isolation, structure elucidation and biological activities of TAN-1323 components. In addition, the paper describes the interesting finding that other types of macrolide antibiotics including bafilomycin Cl5), a specific inhibitor6) of vacuolar (V-type) H + -ATPase,7'8) and the "classical" macrolide antibiotics such as tylosin and leucomycin also have angiostatic potential. We also discuss the mechanism of the action of these antibiotics.
Taxonomy
The producing organism, S-45628, was isolated from a soil sample collected in Miyazaki Prefecture, Japan. Taxonomical characterization was carried out accord- Aerial mycelia elongated from well branched basal Pridham and Gottlieb.12) mycelia. Spiral spore chains consisting of 10 or more spores were observed at the tips of aerial mycelia (Fig.  2 ). Spores were ovoid-shaped in the diameter of 0.6 x 0.8^0.9/^m, and the surface was spiny (Fig. 3) . for 42 hours at 28°C with aeration of 30liters/minute and agitation of 280 rpm. Six liters of this seed culture was inoculated into a 200-liter fermentor containing 1 20 liters ofa fermentation medium consisting of glucose 0.5%, dextrin 5%, soy bean flour 2%, corn-gluten meal 1.5%, CaCO3 (precipitated) 0.7% and Actocol 0.05% (pH 7.0). Fermentation was JAN. 1995 carried out for 66 hours at 28°C with aeration of 120 liters/minute and agitation of 150 rpm.
Isolation
The fermentation broth of Streptomyces purpurascens S-45628 (95 liters) was filtered, and the collected mycelia were extracted with MeOH(100liters). The extract was concentrated to a small volume (20liters) and then extracted twice with EtOAc (10liters) at pH 7.0. The organic layers were combined, washed with water and then concentrated to give a crude powder (43.5g). The powder was applied to a silica gel column (500g) and elutedwithCHC13-MeOH (30:1, 20:1, 10: 1 and 5:1) to give four fractions containing 1, 2, 3 and 4, respectively.
The first fraction was chromatographed on silica gel (50 g), elutingwithCHC13 -PrOH (20 : 1), to give crystals. After recrystallization from aqueous methanol, 1 was obtained as colorless thin plates (321 mg). The second fraction was chromatographed on silica gel (500g), eluting with CHC13 -PrOH (15 : 1), to give crystals. After recrystallization from aqueous methanol, 2 was obtained as colorless thin plates (5.15 g). The third fraction was chromatographed on silica gel (50g), eluting with CHC13-MeOH(30 : 1 and20 : 1), to give awhitepowder. After recrystallization from aqueous methanol, 3 was Characterization and Structure Elucidation The physico-chemical properties and the behavior of 1, 2, 3 and 4 on TLC are summarized in Table 3 . The Table 3 . Physico-chemical properties and behavior on TLC of TAN-1323 A (1), B (2), C (3) and D (4). IR vmax cm"1 (KBr) 3430, 2980, 2940, 1700, 3450, 2990, 2950, 2890, 3450, 2990, 2950, 1700, 3650- together with the NMRspectral data, 1 and 2 were identified as concanamycins C and A3) (folimycin4)), respectively, while 3 and 4 were considered to be new concanamycin-group antibiotics. The 13C and XHNMRchemical shifts for 3 and 4 are summarized in Table 4 . The signals observed with 3 were quite similar to those for concanamycins except for a sugar moiety (C-l' to C-6'). The^^H decoupling experiments with 3 suggested the presence of a rhamnopyranosyl moiety instead of the 2-deoxy-jS-Drhamnopyranosyl moiety in concanamycins (Fig. 4) .
Upon treatment of3 with sodium hydroxide, L-rhamnose was liberated through jS-elimination to yield the anhydroaglycone (6) which was identical to that obtained from 2 ( Fig. 5) . This showed that the L-rhamnopyranosyl moiety was linked to C-23 and the other moiety was the same as that in 2. The anomeric configuration of the sugar moiety was determined to be a from the JCHvalue (167Hz) of the anomeric carbon (C-1'J in 3.17) In the NMR spectrum of 4, no sugar moiety was observed, but the presence of a fumaric acid moiety (C-T to C-4') was indicated. This was also suggested by UV absorbance at 211nm and IR absorption bands at 3650-2500 (broad) and 1730cm'1. Indeed, alkaline hydrolysis of 4 gave fumaric acid (7) and the anhydroaglycone (6) (Fig. 5) . The position of the ester linkage was estimated to be C-23 from the down field shift of H-23 ((54.93) . Thus, the structures of the two new 18-membered macrolide antibiotics, 3 and 4, were determined to be as shown in Fig. 1 .
In the case of bafilomycin-group antibiotics (16-membered), the attachment of an a-L-rhamnosyl moiety has been reported.18) However, 3 is the first example of a concanamycin-group antibiotic (1 8-membered) having this moiety. TAN-1323 D (4) which has a fumaric acid The CAMassay was performed according to the method of J. Folkman et al.19 ) with some modification.20) Briefly, 3-day old fertilized embryos were placed onto hammocks of commercial polyethylene wrap film hanging in plastic cups (6cm in height, 7.5cm in diameter) with two side windows and then incubated at 37°C under 3%CO2and saturated humidity for 6 days. A sample solution was mixed with an equal volume of 1% methylcellulose (4000 Centipoise, WakoPure Chemicals) solution, and 10/xl of the mixture was air-dried on a polypropylene sheet for 1 hour in a hood. The disks thus prepared were applied to the 9-day old CAMs. The responses caused by the samples were examined one day later under a stereoscope (Nikon SMZ-10-1). Antiangiogenic activity was expressed as % avascular zones which, was calculated by dividing the number of disks giving avascular zones by the number of disks tested.
moiety is also a new member of this group of antibiotics. Biological Activities Angiostatic Activity TAN-1323 A~Dwere assayed in the chick chorioallantoic membrane(CAM) assay system: the most conventionally used in vivo angiogenesis assay system of those reported.19) As shown in Table 5 , TAN-1323 B and D showed potent angiostatic activity in this assay system. Experimental procedure, see the legend to Fig. 6 . a All chick embryos died due to the toxicity of the sample.
TAN-1323 D, the most potent component, was examined in the rat cornea! micropocket assay system21} in which bovine basic fibroblast growth factor (bFGF) Growth of HUVEcells was measured colorimetrically by the tetrazolium salt (MTT) method.24) Briefly, HUVEcells suspended in Medium199/20% fetal calf serum supplemented with lO ng/ml of human recombinant basic fibroblast growth factor (Takeda Chem. Ind.) were plated in a 96-well plate (3,000 cells/0.1 ml/well). One day later (Day 1), a sample was added. OnDay 3, MTTsolution was added, and the mixture was incubated for 5 hours. The reaction was then stopped by adding 10%SDS/0.01 n HC1 solution. After overnight incubation, optical density at 620nm was measured. Assay was performed as described previously.23) Denotes fragmentation of capillary tubes. The degree of tube formation in the drug-free control is expressed as + +. (Table 6 ), but the inhibition does not appear to be specific for ECs, because growth of fibroblastic cells, Balb/3T3-A31, was also inhibited with the same potency (data not shown).
All the components induced fragmentation of capillary tubes formed by the ECs (Table 6 ). The effect, however, seems to be due to cytotoxic activity, because it was observed at concentrations greater than the respective IC50 values for EC growth (Table 6 ).
Angiostatic Activity of Other Macrolide Antibiotics
The discovery that TAN-1323 compounds, 18-membered macrolide antibiotics, show angiostatic activity in the CAM assay system prompted us to examine other macrolide antibiotics having various types of ring structures. Wedid not, however, detect angiostatic activity with TAN-1323 A or C at the doses tested (Table 5 ). There must be difference in the active dosage range, "a pharmacologically active window", with concanamycin group antibiotics, because they were toxic to chick embryos at higher doses. In the rat corneal micropocket assay, we could not detect angiostatic activity with TAN-1323 D, the most active compound in the CAM assay. This may be due to the difference in the neovascularization mechanismbetween the cornea and the CAM: the former was forcibly induced by bFGF, while the latter is part of the physiological process of chick development.
In 1988, E. J. Bowmanet at. reported that bafilomycins are highly specific inhibitors of the V-type H+-ATPase from microorganisms, animal and plant cells.6) As expected from the structural similarity to concanamycins, DMSO-4 at 24°C. Chemical shifts (<5) are reported in ppmdown field from tetramethylsilane. Desalination was carried out with a Micro Acilyzer Gl (Asahi Chem. Ind., Japan) using an AC-1 10-10 cartridge.
Alkaline Hydrolysis of 3 A 0.1m solution of NaOH in MeOH (3.0ml, 0.30 mmol) was added to a hot solution of 3 (lOOmg, 0.12mmol) in MeOH(7.0ml), and the reaction mixture was stirred for 3.5minutes at 50°C. The mixture was neutralized with 1 m HC1(0.3 ml) and then concentrated.
The residue obtained was suspended in H2O and extracted with EtOAc. The aqueous layer was desalted and freeze-dried to give L-rhamnose as a white powder (12mg). The EtOAc layer was concentrated, arid the residue obtained was chromatographed on a silica gel column (7.0g) eluting with CHCl3-MeOH (50: 1 and 20 : 1). The pure fraction containing the anhydroaglycone (6) was concentrated to give a white powder. A portion of the starting material (37 mg) was recovered.
Alkaline Hydrolysis of 4
A suspension of 4 (100mg) in 0.03m NaOH/MeOH (5.0ml) was stirred for 20minutes at room temperature, and then water (50ml) was added. The mixture was extracted with EtOAc at pH 7.1. The EtOAc layer containing 6 was concentrated, and the residue obtained was chromatographed on a silica gel column (7.0g) eluting with CHCl3-MeOH(50 : 1). The pure fraction was concentrated to give 6 (68mg) as a white powder.
The aqueous layer containing 7 was extracted with EtOAc at pH 2.5, and the EtOAc layer thus obtained was dried over anhydrous Na2SO4and then concentrated to give crystals. Recrystallization from water afforded 7 (8.5 mg) as colorless crystals.
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